The objective of this study consists, firstly, of quantifying differences between Spanish universities' output (in terms of publications and citations), and secondly, analysing its determinants. The results obtained show that there are factors which have a positive influence on these indicators, such as having a third-cycle programme, with public financing obtained in competitive selection procedures, having a large number of full-time researchers or involvement in collaborations with international institutions. However, other factors which appear to have the opposite effect were also noted. These include a higher number of students per lecturer or a lower proportion of lecturers with recognised six-year periods.
Introduction and objectives
In recent years, various studies have shown the significant increase in publications by Spanish authors in international Economics and Business journals during the first half of the 1990s. This led to an improvement in the relative position of Spanish economic research in international terms, and it has gradually come closer to the level of excellence attained in other disciplines. As a result, Spanish research occupies ninth place in the Institute for Scientific Information (ISI) report for the period 1995-2005 in the ranking of articles published and twelfth place for citations, while as regards
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Scientometrics 71 (2007) research of a strictly economic nature, it holds eighth position in terms of articles and eleventh for citations. 1 Another aspect that has also been observed is the significant differences between the results obtained by the various universities in economic research. These differences are more clearly marked than in other disciplines (MOYA-ANEGÓN, 2005) , and this is the main reason to focus on the determinants of differences in scientific production in this field. The first area in which this evidence can be found is in works financed by the European Economic Association 2 in order to establish rankings for European institutions and compare their relative position with that of American institutions. One of these works is that by COUPÉ (2003) , which presents rankings of authors and institutions based on all the publications which are part of the Econlit database for the period 1994-1998. According to this author, there are thirteen researchers affiliated to Spanish institutions among the top thousand researchers worldwide, and there are only four Spanish institutions among the world's top two hundred institutions internationally. Another work on this subject is by KALAITZIDAKIS et al. (2003) which also establishes rankings for the same period, but uses the 30 best economics journals and the citations from previously published articles received in 1998. According to this study, there are four Spanish institutions among the best two hundred internationally, and of the top 120 European institutions, six are Spanish. BAUWENS et al. (2000 BAUWENS et al. ( , 2002 establish rankings based on a productivity index for institutions, with ten Spanish institutions in the top 152 in Europe. When they limit the sample of journals considered to the 67 most important, the total number of institutions falls to 92 (40%) and the number of Spanish institutions falls to 6 (by the same proportion). 3 Finally, TOMBAZOS (2005) establishes rankings for two subperiods, 1991-1996 and 1997-2002 , from articles in the most 30 frequently cited journals in Economics. According to his results, only eight Spanish institutions appear among the first two hundred institutions in the first subperiod, while in the second, five Spanish institutions appear in the first fifty positions. Some of them were not Universities but other research institutions such as the Institut Anàlisi Econòmica (CSIC) or the CEMFI.
There is also another series of papers with greater emphasis on exclusive analysis of the economics research situation in Spain. Among these studies are those by GARCÍA et al. (1999a) , GARCÍA et al. (1999b) , SANZ et al. (1999) and VILLAR (2003) . Their conclusions are similar to those presented above. However, the studies by MARTÍNEZ CABRERA (2000) and BERGANTIÑOS et al. (2002) present an interesting new feature, as they focus on in-depth analysis of productivity rather than production or its impact. The former goes into depth as regards the knowledge of production technology of 119 higher education institutions, and obtains empirical results for the technical efficiency of a sample of Economics departments in Spanish public universities during the period 1994-1995. The methodology used is based on the linear programming techniques provided by Data Envelopment Analysis and its results show that there is a significant margin for potential improvement in the productive output of the departments analysed. The latter confirms the increase in scientific production in the Economics field in Spain during the period [1995] [1996] [1997] [1998] [1999] . It also confirms the difficulty of measuring the size of the centres responsible for the research, something which does prevent it from providing a result which indicates that research in Economics is very concentrated, ranging from institutions with a presence in European and international rankings to others that have not published a single article in journals included in the Social Science Citation Index (SSCI), elaborated by ISI. Furthermore, two of the leading institutions in its final ranking are not universities but are instead research centres, which despite their small number of researchers have a much higher volume of research than the majority of public universities.
Taking these two background factors into account, the objective of this work study is firstly to obtain a measurement of the production, its impact and of the scientific productivity of Spanish universities in the field of Business and Economics research for the period 1994-2004. Bibliometric techniques are applied in order to obtain these measurements. Secondly, in order to identify the determinants of the differences noted between institutions, the most appropriate econometric techniques are applied to check the explanatory capacity of a whole range of factors, which are mentioned in the international literature and specific to Spanish universities for these measurements.
The remainder of the study is divided into three sections. Firstly, there is a review of the limited literature on the subject. The results of the work related to the two objectives mentioned above are then presented. Finally, the study concludes by listing the main conclusions of the analysis carried out.
Review of the literature
Taking the background factors mentioned in the previous section on scientific production in Economics and Business by Spanish universities into account, in this section we will focus on gathering the evidence available regarding the determinants of scientific production and productivity in the Economics and Business' university context. 4 
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Scientometrics 71 (2007) Although bibliometric analysis on Business and Economics were already published during the fifties and sixties of the last century, 5 it must be stressed that only a few studies have analysed the specific determinants of scientific production in this field. To the best of our knowledge, the first paper to analyse this aspect is GRAVES et al. (1982) . Combining publications data and information obtained through a survey to the US university departments, they find that secretaries per faculty member, Ph. D. granting institutions, teaching loads and teaching assistance, student/faculty ratios, and support services clearly affect the scientific production of economists.
Following a similar methodology, DUSANSKY & VERNON (1998) find that the factors explaining differences in production and productivity between departments are the professional category, length of time in the post, hours worked and the students' opinion, among others. However, the main objective of this study was to analyse the differences between the different rankings and the factors which explained these differences.
Based on this paper, other authors have extended this line of research to consider the role of other factors which may influence scientific production and productivity. For example, FOX & MILBOURNE (1999) look at the characteristics explaining research productivity in a sample of 150 economists. Their results suggest that human capital variables, such as the nature and location of the Ph.D. are specially relevant, but teaching loads are also statistically significant. However, perhaps the most extensive study using survey data is that by MASKE et al. (2003) . Using the data from a survey, these authors analyse the determinants for the articles published by 1000 lecturers who were members of the American Economic Association in 1989. Their results show that production varied according to their teaching loads, the research orientation of the institution to which they belong, their years of experience and teaching at higher levels (third cycle). They found that race had no influence on production, although they did find significant differences by gender. Some aspects not considered by MASKE et al. (2003) were the role played by the departments' and/or researchers' obtaining of additional financing for scientific production. In this regard, HUETTNER & CLARK (2001) mentioned the importance of the public financing received by departments (and obtaining aid in competitive selection procedures in particular) as one of the most relevant factors in explaining differences in scientific production. However, JOHNES (1988 ), SPANGENBERG et al. (1990a , 1990b , FARIA (2001) and TAYLOR et al. (2006) also highlight the negative influence of participation in consultancy studies on scientific production (private funding).
Another interesting study which complements the one by MASKE et al. (2003) is by DAVIS et al. (2001) . These authors analyse the productivity of a cohort of economists during the fifteen years after producing their doctoral thesis. Their results conclude that it is not true that the dissemination of research using journals or books are alternative 121 channels, but instead that those who publish the most articles are also those who publish the most books. Those who publish the most articles are those who teach at the highest levels and who produced their doctoral thesis on subjects of a general nature or who applied quantitative methods. An interesting additional result was that production starts to decline once they achieve professional stability. A similar result was obtained by MEIN (2002) . This author found that in departments in which the promotion of researchers depends on their scientific production, there is a positive correlation between the production of the department as a whole and the percentage of researchers awaiting promotion. KALAITZIDAKIS et al. (2004) analyse the factors determining research activities in a selection of Economics departments in European universities between 1993 and 1998. The source used is a survey carried out in these departments which requested information on the average salary, the age of the department, the number of students, the existence of a doctorate programme and the existence of a range of working documents, as well as the existence of active links with other universities in the United States. Using a regression analysis, these authors found that the most important factors are department size (students), time in the post and the existence of international contacts.
CHERCHYE & VANDEN ABEELE (2005) analyse Business and Economics research "micro-units" at Dutch universities in order to analyse the patterns of this research and the impact of its size and external financing received for it. Their results show that there is a positive relationship between the efficiency of academic research and the amount of external financing that it receives.
We also feel that the factors which can be considered specific to our environment and which may determine the Spanish universities' process of scientific production must be assessed. In general, the policies adopted by public agents in terms of scientific policy are essentially policies for assigning resources (which are generally scarce) among the various actors in the system. On the one hand, the aim is to give the system legitimacy by an analysis of the quality or of the excellence of the research done by the actors. However, it must be acknowledged that in recent years, governments have identified the benefits of scientific policies applied to the growth of the economies in which they are implemented. Science as a motor for growth consequently plays a major role. In this respect, as well as the assignment of resources being legitimised by the excellence of the science taking place, there is also the legitimisation of resources assignment by the expected effects of economic growth. These two views of scientific policy lead to two models -academic and business -being considered. These will direct resources towards the promotion of academic research or to the process of technological innovation, which are aspects that usually take place in different placesuniversities and companies, respectively. In this respect, it may be assumed that the institutional-based approach may explain part of the scientific production of Spanish Scientometrics 71 (2007) universities, with institutions considered as the actors' range of rules and incentives structure. It is also acknowledged that universities have experienced a transformation in the missions entrusted to them by society, ranging from teaching in its strictest sense, to research and, finally, the transfer of technology, which is dealt with in article 11 of the University Reform Law (URL) of 1983. 6 The availability of resources from public funds (regional, national or international) must also be considered as incentives to research (SANZ, 2003) . Having resources to carry out research enables the researcher receiving this aid to show the "feasibility of his/her ideas" and at the same time, to obtain greater recognition from the system for the evaluation of research done by the public system.
As a result, having financing enables the researcher firstly, to confirm his/her own research, while demonstrating the feasibility of the theories, thereby reinforcing this line of research, which leads to a general process of self-confirmation of the dominant positions in science. Being the first to make a discovery and obtain peer recognition are vital aspects in research careers. Reputations are thus obtained by communication and publication of results and their subsequent "quotation". However, like the research itself, the processes for the dissemination of these results require financial resources, which in terms of basic science are associated with competitive processes in which recognition or "credibility" plays a key role. As a result, according to SANZ (2003) , "the cycle of traditional credibility established by means of a cognitive connection between production, communications and collective assessment of results is extended by their inclusion in the processes of competition for public funds to be able to continue the research". This competitive system for obtaining financed public projects allows the excellence of the research done to be accredited by the appropriate bodies, as it has been assessed ex ante by an anonymous committee in a competitive selection procedure. 7 As a result, based on a review of the literature, the proposed model for analysing the potential determinants of scientific production and productivity of Spanish universities is as follows:
where Y ij is a measure of the scientific production or productivity of university i in the field j (Economics and Business), X1 i. includes all the characteristics of the university which may influence this production (public or private ownership, year of creation, number of degrees and diplomas, number of students, type of lecturers, number of lecturers, tenured staff/non-tenured staff, distribution of lecturers by gender, average age, lecturers with recognised six-year research periods, external researchers employed (e.g. through the Ramón y Cajal grants programme, etc.), X2 ij includes all the 123 characteristics of the area of analysis considered, i.e. of Business and Economics studies in the field of teaching for each of the universities analysed (number of students registered, number of third cycle students, etc.), X3 ij also refers to the Business and Economics field but in terms of research (for example, the number of theses read in this field, the number of public projects obtained in this area or participation in research European programmes), and finally U ij includes all the non-observable characteristics which also influence the variables analysed.
Empirical evidence
This section presents the empirical evidence relating to measurement of the research done between 1994 and 2004 by researchers affiliated to Spanish universities in the Business and Economics field, and its determinants. Firstly, there is a description of the procedure used to produce the database necessary to carry out the study. The results relating to the different indicators of the research done which have been produced are then presented, and finally, the evidence relating to the analysis of the factors determining the differences between universities in terms of the scope of this research are presented.
Production of the database
Identification of universities for analysis. Because the objective of this study is to obtain a measurement of productivity for Spanish universities in the field of research in Economic and Business Sciences, it is first necessary to identify which universities will be subject to analysis. We have decided to analyse the universities which during the period under consideration (the academic years between 1994/1995 and 2004/2005) taught officially approved courses in Economics or Business Administration and Management. 8 Table 1 shows the public universities that taught these courses in the academic year 2004/2005, while Tables 2 and 3 show the same information but for the private universities of the Catholic Church and the other private universities, respectively. Table 4 shows a synthesis of the relative importance of Business and Economics studies in the Spanish university system. Of the 72 universities currently operating in Spain, 39 offer Economics studies and 65 offer Business Administration and Management Studies. All those that offer Economics studies also provide Business Administration and Management. As a result, and taking into account that the San Vicente Mártir Catholic University of Valencia, the Abat Oliba C.E.U. University and the Mondragón University have been excluded due to their recent creation as far as the qualifications analysed here are concerned, the list of universities to be considered in the analysis comprises these 62 universities. Scientometrics 71 (2007) Bibliometric information. Bibliometrics consists of the application of mathematical and statistical methods to measure the qualitative and quantitative changes that arise in scientific publications. By using this type of quantitative technique, it is possible to analyse the profile of publications by academic institutions or the authors in certain journals. They are used to measure the importance of different subjects or areas of research in the main scientific publications or to analyse the evolution of research in a given country.
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It should first be pointed out that taking the objective of the work into account, it was decided to limit the analysis to publications by lecturers and/or researchers affiliated to the various university centres (public and private) located in Spain which taught approved Economics and/or Business courses during the 1994-2004 period.
As CONROY & DUSANSKY (1995) point out, there are three methodological aspects that must be considered when a bibliometric study is being designed:
i.
The first consists of selecting the journals on which the analysis will be based, ii. The second aspect is to determine what the unit of measurement to be used will be (how should scientific production be measured?), and iii. Finally, the third aspect is that some types of analysis may require information that is not in the normal bibliographical databases 9 such as the author's country of origin, for example. How these three aspects were resolved in this study is shown below.
A. Selection of the journals and articles for analysis
In order to carry out the proposed analysis, the range of internationally renowned journals in which Spanish authors can publish their works in the field of Economic and Business Sciences was analysed.
A first option would have been to consider the publications included in the Econlit database. 10 The Econlit database has five disadvantages when used for bibliometric purposes. Firstly, the information on the names of authors and institutions is not standardised (this problem especially affects the production of rankings). Secondly, when an article is signed by more than three authors, the information for only the first author appears 9 An additional point that is worth stressing is how the author's country is identified. This may be done using the country of the institution to which the author is affiliated when the article was produced. This means that possible subsequent changes of institution are not included, and nationality is not considered, i.e. all researchers working in a Spanish institution regardless of their nationality are deemed to be "Spanish" in this analysis, and Spanish researchers working in a foreign institution are not considered "Spanish". An alternative option would have been to use a list of 4,695 researchers attached to Spanish universities and ascertain their publications using the various bibliographical databases. However, this type of search would not take the possible changes in researchers' affiliations to various institutions into account.
10 www.econlit.org 127 (thus if any author affiliated to a Spanish institution has published his/her work in collaboration with more than 2 authors and does not appear in first position, this article will not be included in our analysis). The third problem is that only partial information is available for some journals (not all the years are included). The fourth is that the authors' affiliation is only available since the late 1980s. Finally, there is an Englishspeaking bias: i.e., English-language journals are over-represented.
A further limitation of this database is that it does not allow the number of citations received by each of the articles considered to be analysed, which as we will see is clearly relevant information.
However, it is possible to obtain this information for the publications included in the Social Science Citation Index (SSCI) database, 11,12 although we have to recognise that this choice implies assuming additional limitations or caveats apart from the ones already mentioned.
In particular, it is important to highlight that we will consider all publications included in the areas of demography; management; economics; business; business and finances; environmental studies; geography; history; planning and development; industrial relations; and urban work, transport and studies. This implies that a publication by a member of the staff of the considered universities in a journal not included in these areas will not be taken into account. The alternative of analysing individual authors in order to consider all possible publications and not just the ones that we consider as "business administration and economics" publications, will necessarily imply to carry out time-consuming manual corrections of the different possible spells of authors names and to perform several searches in the database.
Moreover, the SCSI covers only a segment of the journals published in each discipline. As reported by CAMERON (2005) it was estimated that in 1997 the Science Citation Index covered a mere 2.5 percent of the world's scientific journals. ISI argues that it indexes in the Web of Science those journals that are known to be of high quality and that have influence and impact, but the criteria are not clear. However, as pointed out by VERBEEK et al. (2002) , the SSCI is currently by far the most commonly used source worldwide for comparative bibliometric analyses of disciplines and faculties in the field of economics and social sciences and for this reason, it is used in this paper and, as usual, in bibliometric studies, only those articles which have undergone a process of anonymous evaluation as a requirement prior to publication have been considered. For this reason, book reviews, commentaries, notes etc., which have not undergone this process are not included in the analysis.
The information concerning the publications and citations received by each of the articles by authors affiliated to Spanish universities was obtained by means of the ISI 11 The SSCI also has the first, third and fifth disadvantages mentioned in connection with Econlit.
12 http://www.isinet.com/isi/products/citation/ssci/index.html
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Web of Science database (which is part of the ISI Web of Knowledge database, to which we have access by means of a subscription financed by the Ministry of Education and Science).
B. Analysis Unit
As mentioned above, another aspect for consideration is what the unit of measurement to be used during this study should be. In bibliometric studies, it is normal to use the number of articles or the number of pages per article. If the number of articles is used as a criteria, the same importance would be assigned to articles of different lengths. As a result, and considering that editors have a limited number of pages per volume and volumes per year, it seems reasonable to assign the highest (lowest) number of pages possible during the evaluation process to articles of the highest (lowest) quality. As a result of all the above factors, the number of pages in the articles published could be an indicator of the quality of scientific production. However, it is also important to take into account the differences between page formats in the various journals, as failure to do so would lead to inappropriate comparisons being made. For this reason, it is necessary to carry out a standardisation process enabling these comparisons to be made, taking the number of characters per page in some of the journals considered as a benchmark unit. It should also be pointed out that carrying out the page standardisation process makes it necessary to consider any change in the format of the journals which may affect this process. As a result, this process would be so complex that in practice it is normally unfeasible.
Another way of assessing the quality of the articles (which would also include their impact) would be the number of citations received. This information is available in the database used, although a disadvantage is that the more recent articles will possibly have received fewer citations than older ones, despite being of higher scientific quality. This should be taken into account when interpreting the results of the following sections.
C. Other points of interest
An additional question worth mentioning with regard to the design of the bibliometric study is that of co-authorships, i.e. articles written by more than one author. The standard procedure in the literature consists of assigning each author the number of citations received by each article multiplied by 1/n, where n is the total number of authors (COUPÉ, 2003) . A similar procedure is applied in cases where the authors are linked to more than one institution (KALAITZIDAKIS et al., 2003) . In this study, despite the fact that the procedure above is the most frequently used in bibliometric studies, it was decided not to weight according to the number of authors or due to the fact that an 129 author may be affiliated to more than one institution. Our reasons for this decision are related to the fact that we are not going to produce rankings of authors, but instead of institutions and therefore what is of interest to us is ascertaining how many citations the articles published by authors affiliated to a specific institution have received. As regards various affiliations, in the Spanish university system it is practically impossible for an author to be affiliated to more than one university. He/she may be affiliated in a secondary manner to a foreign centre or to a specific studies service, but in neither of these two cases would these institutions appear in the rankings shown below.
Other information. As mentioned above, it will also be necessary to obtain information on the potentially explanatory variables for scientific production and productivity for Spanish universities. These variables included information on aspects related with characteristics of the university (public or private ownership, year of creation, number of degrees and diplomas, number of students, type of lecturers, number of lecturers, tenured staff/non-tenured staff, distribution by gender, average age, lecturers with recognised six-year research periods, external researchers employed through the Ramón y Cajal programme), the characteristics of the field of analysis under consideration, i.e., Business and Economics studies (the number of students registered, number of third cycle students) and of the research inputs (the number of theses read in the Business and Economics field, the number of public projects obtained in this field or participation in European research programmes).
As a result, it was also necessary to compile statistical information on each of these variables for the series of universities selected. To that end, we first consulted the publications on the websites of the Ministry of Education and Science, the Council of Universities, the Universia universities portal, the National Statistics Institute (INE), the Vice-chancellors' Conference (CRUE), the TESEO database for doctoral theses and the European Commission for participation in European projects (CORDIS). However, although there is a great deal of information available from these sources, in some respects it was insufficient for the purposes of the study, and was complemented by means of direct enquiries to the administrative bodies of each university. For reasons of space, we have not reproduced the database prepared in this study, although it is available on request to the authors.
Production, productivity and citations received
Using the databases analysed, between 1994 and 2004 researchers affiliated to Spanish universities published a total of 2,309 articles, of which 1,204 articles were quoted during the study period. In specific terms, the total number of citations received was 7,699. This means that 52.1% of articles receive citations, and that 3.33 citations per article published and 6.39 citations per article quoted are received.
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The total ratio of citations per article published in the economics field for the period January 1995-April 2005 (and for the series of countries) is 4.73. The data for Spain according to the same source, 13 is 2.84 (similar to 3.33 for the period [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] . This means that the quotation of articles associated with Spanish universities is still a long way from the international average, led by the United States of America (6.23), Israel (5.27) and Hong Kong (7.41). If the number of publications and the number of citations received per article for the top five countries generating production of articles is analysed, and we compare them with Spain, we find that the United States publishes 61,408 articles and has a quotation rate of 6.23, for England the figures are 14,676 and 4.33, for Canada 7,147 and 4.32, for Germany 4,544 and 2.64, for Australia 4,377 and 2.8, and for Spain the figures for quoted articles are 2,526 and 2.84. A relevant point is that the only countries with a higher level of scientific production in economics than Spain (in the database analysed) are the United States of America, England, Canada, the Netherlands, France, Australia and Germany.
As mentioned above, it was decided not to divide these figures according to the number of participating co-authors when assigning each of the articles published and the citations received to each of the universities. As a result, the 2,309 articles obtained from the initial database became 2,631 occasions on which an author affiliated to a Spanish institution participated in the production of an article published in the journals considered, while the number of citations received increased from 7,699 to 8,329. Table 5 shows the distribution of both variables for the variables analysed and the number of articles relativised by the average number of lecturers in the period analysed and the number of citations per article.
As can be seen in Table 5 , the five most productive universities during this period were the Pompeu Fabra University, the Carlos III University, the Autonomous University of Barcelona, the University of Valencia and the University of Alicante, which published over 140 articles. These are followed by the Complutense University of Madrid and the University of Barcelona, with a very similar rate of production. As far as citations are concerned, the relative positions are very similar to those above, and of particularly note is the relative improvement of the University of Barcelona (rising to fourth position) and the inclusion in these leading positions of the University of the Basque Country (Euskal Herriko Unibertsitatea). However, the most interesting result from our point of view is the existence of major differences between the universities, regardless of the indicator analysed (although the fact that some of the universities considered were established after the beginning of the analysis should be taken into account). Figure 1 shows the Lorenz curve for the number of articles published and the number of citations received. The degree of concentration noted for both variables is very high. The Gini index for the number of articles is 0.68, while for the number of citations it is 0.81. In fact, 10% of the most productive universities account for over 40% of the articles and almost 70% of the citations. The objective of the next section will be to identify some of the determinants of these differences. 
Analysis of determinants
Using the information given in the previous section, the objective of this section is to analyse which of the variables identified in the international literature contribute to explaining the differences in the production and impact of publications by researchers affiliated to selected Spanish universities. To that end, first the data count and censored data models are described, which are those which are the most appropriate taking into account the nature and the skewed distribution of the endogenous variables consideredthe articles published, the articles published by lecturer, the total number of citations received and the average number of citations per article.
Econometric methodology: models for data counts and censored data. In the data count models, the dependent variable for each individual in the sample or population analysed is a whole number (0, 1, 2, …) which represents the count of the number of times that an event occurs in a given unit of time. Due to the discrete nature of the variable (apart from the abundance of zeros which usually characterises this type of data), a standard regression model based on the assumption of normality is clearly inadequate.
A specification which takes into account the discrete nature of the count is the Poisson data regression model, which assumes that each value taken by the variable y i is the production of a random variable Y i with a Poisson distribution of parameter
where by analogy with the regression model, it is assumed that ln(λ i )=X·β.
An important assumption of this model is that E[y i |x i ]=Var[y i |x i ].
However, the phenomenon of overdispersion is very frequent, meaning that variance is greater than expected. In this case, the standard errors arising from the Poisson estimation model will be "too small," with the consequences for testing the hypothesis that would arise from this problem. However, there are various procedures which enable this problem to be detected and corrected, among which is the use of alternative distributions such as the negative binomial. However, the problem that arises when the dependent variable is censored is that there is an accumulation of observations on the dependent variable at the censorship point. This accumulation may arise as a consequence of the procedure used to gather the data but also as a consequence of the process for generating data for the variable analysed.
The problem with the classic regression model in this context is that it is unable to explain the qualitative difference between limit observations (in our case, those assuming a value of zero) and non-limit observations. This means that estimations using OLS produce biased and inconsistent estimates. In fact, the seriousness of the problem Scientometrics 71 (2007) increases with the number of limit observations. In this case, the idea is that the limit observations "would drag" the regression line downwards and to the left, leading to a bias in the estimated coefficients towards zero. An alternative would be to decrease the data (i.e. by removing the censored observations from the analysis) but this would not solve the econometric problem and would raise doubts as to the objective of our study.
An important aspect is that when the dependent variable is censored, the data include both discrete and continuous observations and their distribution therefore includes two components, a "mixture" of a discrete and continuous distribution. In order to analyse this type of data, the normal procedure consists of defining a latent variable associated with these observations, which is defined as follows:
This type of model is known as the Tobit model and solves the problems mentioned above with the normal approach using ordinary least squares (bias and inconsistency). This econometric methodology has also been used recently in a similar context by TAYLOR et al. (2006) .
Results. The results of using data count models to estimate the proposed model in Eq. 1 for the publications produced and citations received are shown below, followed by the results of using censored data models to estimate the same model for the number of articles per lecturer and the average citations per article. Models are thereby presented for four endogenous variables, in which two different samples have been used for each one. The first sample includes all the universities selected for the study, while the second sample includes only the public universities, as these have a much greater volume of information available in terms of possible determinants of production and impact. Table 6 shows the results of the estimation of the different models for articles published, Table 7 shows the results for the models for the articles published by lecturer, while Tables 8 and 9 show the results for the estimated models for the number of citations received and the number of citations per article, respectively.
Looking at the results in the four tables, it can be seen that there is some degree of coincidence between the factors explaining both production, production per lecturer, the citations received and the impact of publications produced, with the variance proportion the various endogenous variables also being quite high. R 2 , or pseudo-R 2 depending on the model, assumes values of over 60%, and in several cases exceeds 90%.
Something that should be taken into account in Poisson models with regard to the number of publications and the number of citations is the impossibility of the characteristic of Poisson distribution consisting of the variable coinciding with its variance value being fulfilled. If it is not fulfilled, i.e. when the value of the variance is significantly higher than the anticipated value (overdispersion), the estimation of this type of model should be performed for maximum likelihood by assuming a negative binomial distribution for the endogenous variable, thereby allowing for the possibility of the anticipated value and the variance being different. For this reason, the overdispersion tests proposed by CAMERON & TRIVEDI (1990) and WOOLDRIDGE (1990) have been applied in order to check on the existence or otherwise of overdispersion in the data analysed. 14 Both models were applied for the models for the number of publications and the number of citations and, with the sole exception of the Poisson model for the number of citations and the total sample of universities, the null hypothesis that the estimation of the Poisson model is appropriate was rejected in all cases. The results that will be discussed below are those obtained from the negative binomial distribution, which are also shown in the appropriate tables.
As regards the first group of variables, and the fictitious variable related to the ownership of the university in particular, this variable has a positive sign but is not statistically significant in the vast majority of the models considered. However, in the Tobit model for the number of articles per lecturer for the average impact of publications per university, it is positive and statistically significant (although in the former case, the level of significance is 10%). This may be explained by two reasons. These are the greater importance of quality publications for promotion in public universities, and also, as mentioned above, the recent establishment of some private universities. In fact, the fictitious variable related to the subsequent establishment of the URL is statistically significant and has a negative sign in all the models considered.
The variable "number of qualifications offered by the university" shows contradictory results. In the majority of models it appears to be insignificant, but in some cases it nevertheless appears with a positive sign and as statistically significant. A possible explanation for this positive effect could be related to the "size" of the university -the greater the number of qualifications, the higher the number of lecturers, 14 The test proposed by CAMERON & TRIVEDI (1990) has the Poisson model being the most appropriate one as a null hypothesis. The procedure for performing the test consists of first estimating this model and obtaining the values adjusted for the endogenous variable of the model. An auxiliary regression is then performed, regressing the difference between the squared residuals of the model and the average of the variable with the squared adjusted values. If the coefficient associated with the adjusted squared values is significant at the usual level, the null hypothesis would be rejected and there would therefore be evidence of overdispersion. The alternative approach suggested by WOOLDRIDGE (1990) consists of carrying out an auxiliary regression on the squared standardised residuals of the Poisson model -1 and the adjusted squared values. As in the test above, if the coefficient associated with the adjusted squared values is significant at the usual level, the null hypothesis would be rejected and there would therefore be evidence of overdispersion.
Scientometrics 71 (2007) and therefore more opportunities to publish and be quoted. It is important to note that it does not appear as a significant variable in the models for the number of citations per article (impact) (the "size effect" which would affect both the numerator and denominator would be compensated for). In this respect, the variable "students per lecturer in Economics and Business" is statistically significant at normal levels and shows the anticipated negative sign (greater teaching demands would entail lower scientific productivity) in the models for the number of articles, but not for the number of citations received or the impact. However, third cycle teaching work (measured by the number of theses read and by the number of third cycle students) has positive and significant effects in all the models considered, with the sole exception being the models for impact (although the p-value figures are very close to 10%).
A second group of potential explanatory variables is related to obtaining public financing for research. In practically all cases, the effects found are positive and significant, both with regard to Spanish projects (BEC and SEC) and European projects and the Ramón y Cajal programme.
The penultimate bloc of explanatory variables refers to the characteristics of the teaching staff at public universities (it was not possible to obtain this information for the private universities). The possible effect of the proportion of female lecturers among the teaching staff, the relative weight of tenured teaching staff and the percentage of lecturers with one or more six-year research periods out of the total teaching staff was considered while the variable related to the relative importance of women does not appear to be significant and the variable related to the percentage of tenured staff only has a negative and significant influence on the number of publications, the variable for six-year periods has a positive and significant effect on all the models. It therefore seems that the teaching staff consolidation system has a negative effect on production while the bonus payment seems to have a positive effect not only on production but also on the impact of research. This would suggest that there is "pressure" to carry out high quality research (although it must be acknowledged that the results of this variable may be subject to some problems of endogeneity due to the criteria used to recognise the sixyear periods was based on publications and on the citations received).
A final group of variables consists of those related to how research is carried out in the various universities. In specific terms, the percentage of articles produced in collaboration with other researchers (co-authorships), the percentage of articles from each university published in high quality journals, and the percentage of articles produced in collaboration with researchers affiliated to institutions other than those in Spain were considered using the database mentioned above. Using the results shown in the literature, the first variable (co-authorships) was only included in the models for the number of publications and publications per author, and where the percentage of publications in high quality journals was not included. However, in the models for the number of citations and impact, the variables related to publications in high quality journals and international collaborations were considered.
The results obtained show that co-authorships have no significant effect on scientific production. SUTTER & KOCHER (2004) found a similar result for economics departments in American universities.
However, international collaborations have a positive and significant effect on practically all the models analysed (with the exception of the model for the number of articles by lecturer). Once again, the results are similar to those obtained by SUTTER & KOCHER (2004) . These authors analyse the effects of collaborations with other institutions on departments economics in American universities and conclude that these collaborations have a significant impact on scientific production. It also needs to be remembered that using a gravity model, they find that factors such as distance and other variables of a geographical nature do not help to explain the reasons influencing scientific production, but that collaboration with other institutions does have a significant impact.
Finally, the results for the influence of the proportion of articles published in high quality journals show that this variable has a positive and significant effect on the impact of the publications produced but not on the number of citations received (it should be remembered that the fact that this variable appears as significant in some Poisson models is related to the existence of overdispersion). A possible explanation for this is that the work necessary to achieve publication in these journals may on average involve the production of fewer articles, and the increase in citations arising from publication in a higher quality/circulation journal could therefore be reduced due to the fact that fewer articles have been published.
Conclusions
Despite a significant increase in the number of publications by authors affiliated to Spanish universities in recent decades, the evidence obtained in this study clearly shows the existence of major differences between Spanish university institutions.
It was also possible to identify some of the factors influencing scientific production, productivity and the impact of Business and Economics research done by Spanish universities. In specific terms, some variables were identified as having a positive effect on the indicators produced, such as belonging to a public university, having a third cycle programme, having public financing obtained in competitive selection procedures, having a larger number of full-time researchers (like those associated with the Ramón y Cajal programme) or involvement in collaborations with international institutions. However, there are other variables which appear to have the opposite effect. Among these are a higher number of students per lecturer or a lower proportion of lecturers with recognised six-year periods.
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These results can be used to deduce some implications from the point of view of scientific policy in this area. In particular, the main conclusion arising from this study is that in order to reduce the differences between Spanish universities in terms of their scientific production and its impact, it is necessary to promote quality doctorate programmes at all universities, stimulate research by providing the universities with the necessary personnel and resources, and actively encouraging international collaborations. These policies are particularly necessary in private universities, as their recent creation and their greater orientation towards teaching led to less scientific work during the period analysed.
